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ABSTRACT 


Sikorsky  Aircraft  has  conducted  an  analysis  and  correlation  study  of  pre¬ 
dicted  fatigue  design  data  and  operational  flight  loads  data  for  crane- 
type  helicopters.  The  purpose  of  the  study  was  to  compare  operational 
mission  profiles  with  a  design  mission  profile  and  to  provide  data  for 
use  in  establishing  structural  design  criteria  for  future  Army  helicopters. 

In  this  stud^,  flight  loads  and  usage  data  from  USAAVLABS  Technical  Report 
70-73,  "Flight  Loads  Investigation  of  CH-5^A  Helicopters  Operating  in 
Southeast  Asia,"  were  compared  with  CH-5^A  design  data.  The  effects  of 
gross  weight  and  altitude  on  true  airspeed  were  determined.  Fatigue 
spectra  were  developed  for  six  dynamic  components,  and  fatigue  lives  were 
calculated  for  these  components.  These  fatigue  lives  were  compared  with 
lives  predicted  during  CH-5^A  design.  Service  histories  for  these 
components  were  reviewed,  and  it  was  found  that  none  of  the  changes  made 
in  these  components  resulted  from  load  conditions.  Peak  operational  load 
parameters  were  compared  with  limit  static  design  values.  Recommendations 
were  then  developed  to  assist  in  establishing  future  crane  helicopter 
fatigue  design  criteria. 

Comparison  of  CH-5^A  operational  mission  profiles  with  the  design  mission 
profile  indicated  that  crane  operating  conditions  in  a  combat  environment 
were  generally  less  severe  than  predicted.  The  fatigue  substantiation  of 
the  six  selected  components  confirmed  this.  Extended  or  "unlimited" 
replacement  times  resulted  for  all  six  components . 

Airspeeds  above  90  knots  were  rarely  associated  with  an  external  payload 
configuration.  Most  aircraft  flight  time  occurred  in  a  density  altitude 
range  of  2000  to  5000  feet.  Approximately  97$  of  the  measured  load  factor 
peaks  occurred  at  gross  weights  at  or  below  29,000  pounds. 

Future  Army  helicopter  designs  will  benefit  from  improved  data  collection 
and  editing  techniques.  Better  definition  of  discrete  ground  and  flight 
regimes  is  required  to  develop  accurate  mission  profiles.  Consideration 
should  be  given  to  development  of  a  composite  operational  spectrum  based 
upon  a  combat  environment  and  on  peace-time  operation.  Knowledge  of  peak 
loads  and  specific  load  parameters,  such  as  main  rotor  head  moment  or  main 
and  tail  rotor  flapping  angles,  would  yield  more  accurate  fatigue  load 
prediction. 
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FOREWORD 


This  report  covers  the  work  performed  by  Sikorsky  Aircraft  to  analyze  and 
correlate  CH-5UA  design  and  operational  fatigue  spectrums.  The  program 
was  authorized  by  the  U.S.  Army  Air  Mobility  Research  and  Development 
Laboratory,  Fort  Eustis,  Virginia,  under  Contract  DAAJ02-72-C-0060 ,  Task 
1F162204AA8201 .  The  project  monitor  for  the  Army  was  Mr.  H.  I.  MacDonald, 
Jr. 


The  authors  express  appreciation  to  Messrs.  M.  Chrissanthis ,  G.  Chuga, 
A.  Clarke,  R.  Frye,  W.  Jackson,  E.  McLaud,  and  L.  Vacca  of  Sikorsky 
Aircraft  for  their  contributions  to  this  report. 
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INTRODUCTION 


The  CH-5^A  crane  helicopter  was  used  extensively  in  Southeast  Asia  to 
assist  in  U.S.  Army  airmobile  operations.  During  regular  missions, 
several  CH-5**As  were  instrumented  to  record  flight  data  for  an  operational 
flight  loads  report.  The  resulting  report,  USAAVLABS  Technical  Report 
70-73,  "Flight  Loftds  Investigation  of  CH-5^A  Helicopters  Operating  in 
Southeast  Asia"  (Reference  l),  was  used  in  the  present  study  to  establish 
a  rational  approach  for  development  of  future  crane  helicopters  and  to 
improve  fatigue  criteria  for  dynamic  component  design.  Figure  1  shows  a 
three-view  drawing,  basic  data,  and  design  limits  for  the  CH-5^A. 

In  the  present  study,  fatigue  spectra  are  developed  for  six  components: 
the  main  rotor  pitch  control  horn,  main  rotor  shaft,  main  rotor  hub,  tail 
rotor  spindle,  magnesium  main  rotor  spacer,  and  aluminum  main  rotor  spacer. 
The  main  rotor  pitch  control  horn  analysis  employs  a  spectrum  of  main  rotor 
vibratory  pushrod  loads,  and  the  tail  rotor  spindle  fatigue  analysis 
employs  a  spectrum  of  tail  rotor  spindle  moments.  The  main  rotor  shaft, 
hub,  and  spacer  fatigue  analyses  employ  a  spectrum  of  main  rotor  head  hub 
moments.  Fatigue  lives  are  then  compared  with  current  replacement  times 
to  assess  the  impact  of  the  operational  flight  loads  spectrum  on  life- 
limited  components. 

A  historical  summary  tracing  changes  in  component  fatigue  lives  or  con¬ 
figurations  is  presented  to  identify  any  situation  in  which  the  need  for 
design  improvement  was  indicated. 

Comparison  of  reported  maximum  one-time  occurrences  of  selected  load  param¬ 
eters  with  structural  limit  design  values  indicates  that  service  usage  of 
the  CH-5^A  was  predominantly  within  the  structural  design  limits  of  the 
aircraft.  However,  in  certain  instances  the  aircraft  were  operated  above 
the  design  gross  weight  and  the  design  speed.  A  rational  basis  is  pro¬ 
posed  for  predicting  the  frequency  of  occurrence  of  maneuver  and  gust  load 
factors  for  future  crane  helicopters. 

Finally,  recommendations  are  made  to  facilitate  the  derivation  of  future 
mission  profiles,  and  conclusions  are  offered  based  on  the  results  of 
this  study. 
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BASIC  DATA 


DESIGN  LIMITS 


Main  Rotor  Dia. 
M.R.  Solidity 
M.R.  Blade  Chord 
No.  of  M.R.  Blades 
Engines  (two) 

Max.  Design  Gr  Wt 
Empty  Weight 


72  ft 
0.08649 
1.629  ft 

6  . 

P&W  JFTD-12A-1+A 
1*2000  lb 
19231*  lb 


Normal  Rated  Power  *1*000  shp 

Transmission  Limit  Power  6600  hp 
Max.  Horiz.  Fit.  Airspeed  110  kn 

Limit  Dive  Speed  125-5  kn 

Limit  Load  Factor,  Nz  2.26g 


*  One  Engine 


Figure  1.  CH-5l*A  Three-View  Drawing,  Basic  Data,  and  Design  Limits. 
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OPERATIONAL  MISSION  PROFILES 


ASSUMPTIONS  FOR  DEVELOPING  OPERATIONAL  MISSION  PROFILES 


Operational  mission  profiles  were  derived  from  the  data  in  TR  70-73  for 
samples  1  and  2  (see  Table  I).  Because  the  data  as  presented  in  TR  70-73 
did  not  conform  to  standard  Sikorsky  flight  regime  definitions  and  since 
fatigue  load  levels  on  main  and  tail  rotor  head  components  are  highly 
dependent  on  flight  regime,  a  procedure  was  established  to  reclassify  the 
field  data  into  a  more  detailed  mission  profile.  The  four-segment  break¬ 
down  of  TR  70-73,  namely,  ascent ,  maneuver,  descent,  and  steady  state,  was 
restructured  into  specific  flight  regimes  consisting  of  ground,  hover, 
sideward  and  rearward  flight,  ascent,  descent,  cruise,  takeoff  maneuvers, 
maneuvers,  hoist,  and  gust.  This  detailed  mission  profile  enabled  a  more 
accurate  selection  of  flight  conditions  to  be  made  from  Sikorsky  flight 
test  records. 


The  reclassification  of  the  TR  70-73  four-segment  mission  profile  to  the 
ten-segment  profile  used  to  develop  fatigue  loading  spectra  was  derived  from 
Tables  VI  (sample  l)  and  XLII  (sample  2)  by  the  following  procedure: 


From 

Tables  VI 
and  XLII 


Ascent 

Descent 

Steady 

State 

Maneuver 

1— Steady  State- 


Ground - 


-Hover  - 


*—  Cruise 


Ascent 
Descent 
■  Ground 


—Steady  Hover  &  Turns 
—  Sideward  &  Rearward 
_  Takeoff  Maneuvers 


I — Hoist 


E 


Cruise 

Maneuvers 

Gust 


Three  basic  assumptions  were  made  to  derive  the  ascent,  descent,  and 
steady-state  flight  regimes  from  Table  VI  and  Table  XLII. 

1)  Ascent  was  assumed  to  be  all  positive  climb  rates. 

2)  Descent  was  assumed  to  be  all  negative  climb  rates  except  for  the  -300 
ft/min  climb  category. 
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TABLE  I.  COMPARISON  OF  MISSION  PROFILES 


Percentage  of  Aircraft  Time 

CH-54A 

Design  CH(Crane) 

Sample  1  Sample  2  Mission  Mission  Profile 

of  TR  70-73  of  TR  70-73  Profile  of  AR-56 


Ground 

0.295 

0.186 

2.110 

1.000 

Hover,  Steady 
&  Turns 

5.880 

7.015 

21.385 

16.000 

Sideward  & 
Rearward 

0.653 

0.779 

2.175 

1.500 

Ascent 

19.373 

17.01*1* 

8.1*22 

5.670 

Descent 

20.U50 

18.798 

5.270 

5.558 

Cruise 

52.790 

55.753 

53.21*0 

61.231* 

Takeoff 

Maneuvers 

0.159 

0.100 

0.020 

1.330 

Maneuvers 

0.303 

0.2l*8 

7.328 

7.708 

Hoist 

0.01*9 

0.0l*5 

- 

- 

Gust 

0.0l*8 

0.032 

- 

- 

Total 

100.000 

100.000 

100.000 

100.000 

3)  Steady  state  was  assumed  to  be  all  time  at  -300  ft/min  climb  rate,  since 
this  category  includes  all  time  between  -300  ft/min  and  +300  ft/min. 

The  detailed  procedures  by  which  the  ascent,  descent,  and  steady-state 
regimes  were  expanded  to  the  ten-segment  mission  profile  are  explained  in 
the  following  eleven  steps: 

1)  Using  Tables  VI  (sample  l)  and  XLII  (sample  2)  of  TR  70-73,  all  time 
at  -300  feet/min  climb  rate  (all  climb  rates  -  -300  to  <  +300  ft/min) 
was  considered  to  be  cruise,  hover,  and  ground  operation  regimes. 

2)  Data  from  the  same  tables  were  employed,  end  the  ground  operation 
regime  was  assumed  to  be  the  sum  of  the  following: 

a)  All  time  for  -300  ft/min  climb  rate  for  C^/o  =  less  and 
y  =  0.0,  plus 

b)  25/?  of  the  time  for  -300  ft/min  climb  rate  at  C^/o  =  less  and 
y  =  less. 

3)  Data  from  the  same  tables  were  employed,  and  hover  time,  including 
sideward  and  rearward  flight,  was  assumed  to  consist  of 

a)  All  time  for  -300  ft/min  climb  ate  and 

CT/o  =  .06,  y  =  less  and  y  =  0.0  and 
CT/o  =  .09,  y  =  less  and  y  =  0.0,  plus 

b)  75??  of  the  time  for  -300  ft/min  climb  rate,  =  less  and 

y  =  less. 

U)  The  time  for  the  cruise  regime  (including  maneuver  and  gust  N  )  was 
found  by  subtracting  results  of  2  plus  3  from  1  above. 

5)  Data  from  Tables  VI  and  XLII  were  employed,  and  the  ascent  regime  was 
established  as  all  time  at  climb  rates  greater  than  +300  ft/min. 

6)  Data  from  the  same  tables  were  employed,  and  the  descent  regime  was 
established  as  all  time  at  climb  rates  less  than  -300  ft/min. 

7)  The  maneuver  Nz  occurrences  were  categorized  as  listed  below  in  a,  b, 
and  c.  The  pulse  times  used  in  conjunction  with  these  maneuvers  are 
given  in  parentheses.  These  pulse  times  were  developed  from  a  study 
of  Sikorsky  flight  test  data  and  were  conservatively  assumed  to  be 

a  rectangular  pulse  of  peak  Nz  versus  time. 
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a)  Hoist  Maneuvers  (3.0  sec)  -  The  number  of  Nz  occurrences  for  the 
hoist  mission  segment,  as  given  in  Tables  XXVI  (sample  l)  and 
LXI  (sample  2).  Hoist  Nz  occurrences  were  recorded  during  hover 
while  picking  up  or  releasing  payloads. 

b)  Takeoff  Maneuvers  ( 12  sec)  -  Based  on  Tables  XXVI  (sample  l)  and 
LXI  (sample  2),  all  Nz  occurrences  at  p  -  0.0  for  the  ascent, 
descent,  maneuver,  and  steady-state  mission  segments. 

c)  Maneuvers  During  Cruise  -  All  load  factor  (Nz)  occurrences  in 
Tables  XXVI  (sample  l)  ar.-d  LXII  (sample  2)  at  p  >  0.0  for  the 
ascent,  descent,  maneuver,  and  steady-state  mission  segments. 

These  maneuvers  were  classified  as  transitions,  pull-ups,  and 
turns  using  the  following  procedure: 

i.  For  each  mission  segment  (ascent,  descent,  steady  state,  and 
maneuver),  all  occurrences  for  Nz  -  .8  were  considered  nega¬ 
tive  A  Nz  transition  maneuvers. 

ii.  All  remaining  maneuvers  (Nz  -  1.2)  were  distributed  as  follows 

a.  The  number  of  positive  ANZ  transition  maneuvers  equaled 
50%  of  the  number  of  negative  ANZ  transition  maneuvers 
for  all  mission  segments  except  steady  state,  where  25%> 
was  used. 

b.  The  remaining  positive  ANZ  occurrences  were  distributed 
between  pull-ups  (3  sec)  and  turns  for  the  ascent,  descent 
and  maneuver  mission  segments.  All  remaining  positive 
ANZ  occurrences  for  the  steady-state  mission  segment  were 
assumed  to  be  turns. 

iii.  The  total  number  of  transition  maneuvers  obtained  above  were 
further  subdivided  into  landing  approaches  (6  sec),  lateral 
reversals  (3  sec),  and  longitudinal  reversals  (3  sec). 
Similarly,  the  turn  maneuvers  were  broken  up  into  90°  turns 
(6  sec)  and  180°  turns  (12  sec). 

8)  The  maneuver  times  calculated  in  7a  and  7b  above  were  subtracted  from 
the  hover  time  found  in  3  above. 

9)  Ninety  percent  of  the  time  obtained  in  8  above  was  assumed  to  be 
steady  hover  including  hover  turns,  and  the  remaining  ten  percent  was 
assumed  to  be  sideward  and  rearward  flight. 

10)  For  all  mission  segments,  the  gust  Nz  peaks  in  Tables  XXV  (sample  l) 
and  LXI  (sample  2)  were  assumed  to  occur  during  the  cruise  regime. 

11)  Net  cruise  time  was  calculated  by  subtracting  the  maneuver  times  of 
7c  and  10  from  the  time  computed  in  4  above. 
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GROSS  WEIGHT,  ALTITUDE,  AND  AIRSPEED  DISTRIBUTION 


Further  breakdown  of  the  operational  mission  profiles  in  Table  I  by  gross 
weight,  altitude,  and  airspeed  was  required.  Since  sample  1  and  sample  2 
were  similar  (see  Table  I),  sample  1  was  chosen  for  a  detailed  usage 
spectrum.  To  reduce  the  number  of  data  points  that  would  result  from  this 
breakdown,  the  full  ranges  of  gross  weight,  altitude,  and  airspeed  were 
grouped  into  several  broader  categories  (see  Figure  2). 

Based  on  the  histograms  in  TR  70-73,  the  percentage  of  time  was  determined 
for  each  of  the  three  gross  weight,  four  density  altitude,  and  five  air¬ 
speed  categories.  Using  the  assumptions  discussed  earlier  for  developing 
the  mission  profiles  from  TR  70-73,  the  total  aircraft  life  (203.1+  hours 
for  sample  l)  was  divided  into  descent,  cruise,  and  ascent  by  rate  of  climb 
(see  Figure  2) . 

Figures  3,  *+,  and  5  illustrate  the  procedure  used  to  calculate  the  time 
for  each  element  of  the  detailed  usage  spectrum.  Time  ratios,  noted  by 
symbols  in  each  of  these  three  figures,  were  determined  using  the  gross 
weight,  altitude,  and  airspeed  breakdowns  from  Tables  IV  and  XL  and  the 
mission  segments  from  Tables  VI  and  XLII.  All  maneuver  mission  segment 
time,  however,  was  combined  into  the  cruise  regime  (Rg),  since  it 
represented  only  ,h6%  of  sample  1.  (Maneuvers  are  discussed  later.) 

These  time  ratios  were  multiplied  together  as  indicated  by  the  arrows  in 
Figures  3,  *+,  and  5,  and  the  results  for  each  mission  segment  were  summed 
to  obtain  the  total  time  in  each  element  of  the  detailed  usage  spectrum 
(see  Table  IV,  presented  in  the  "Fatigue  Analysis"  section). 

For  example,  the  total  cruise  time  (T_)  for  25,000  pounds  (W  ) ,  sea  level 
(H^) ,  and  70  knots  (V^)  was 

Tc  =  100  { (Rq  x  x  x  V^)  for  ascent 

+  (R^  x  W1  x  ^  x  V3)  for  descent 

+  (R^,  x  W1  x  ^  x  V3)  for  steady  state 

+  (Rc  x  Wx  x  ^  x  V3) }  for  maneuver  Equation  (l) 

(R_,  W  ,  H  ,  and  V  are  defined  in  Figure  3  and  Table  II) 

v  1  1  J 

Realistic  mean  ascent  and  descent  airspeeds  of  60  and  70  knots,  respective¬ 
ly,  were  used  throughout  these  regimes.  Using  this  procedure,  gross  weight 
and  altitude  distributions  were  the  only  considerations  for  the  ascent  and 
descent  regimes.  The  procedure  was  similar  to  that  for  the  cruise  regime, 
said  the  resulting  calculations  are  reflected  in  Table  IV. 
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Parameter 


Data  Category  (TR  70-73) 


Value  Used 
In  Study 


Gross  Weight 
(lb) 


Density  Altitude 
(ft) 


Airspeed 

(ms) 


Rate  of  Climb 
(ft /min) 


*£  29000 

^29000  but  *£37000 
^  37000 


25000 

33000 

39000 


*£  1000 

^ 1000  but  *£  2000 
^  2000  but  *£  5000 
^5000 

*£  4o 

—  1+0  but  •<s'  60 

—  60  but  80 

^80  but  *£  95 

^95 


Sea  Level 
1000 
2000 
5000 

20 

1*0 

70 

85 

100 


*£-300 

300  but  *£+300 

^  +300 


Descent 

Cruise,  Hover, 
Maneuver 

Ascent 


Figure  2  .  Grouping  of  Data  from  TR  70-73- 


8 


GROSS 

WEIGHT 

(POUNDS) 


DENSITY 

ALTITUDE 

(FEET) 


AIRSPEED 
(KIAS  ) 


Figure  3.  Parametric  Distribution  -  Cruise  (See  Equation  l). 
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GROSS 

WEIGHT 

(POUNDS) 


DENSITY 

ALTITUDE 

(FEET) 


ASCENT 

PORTION 

OF  EACH 

MISSION 

25000 

SEGMENT 

(W,) 

(RA> 

CRUISE 

PORTION 

OF  EACH 

33000 

MISSION 

SEGMENT 

A 

(Rc) 

/ 

/ 

DESCENT 

PORTION 

OF  EACH 

f 

39000 

MISSION 

SEGMENT 

iw3) 

(Rq) 

Figure  5 •  Parametric  Distribution  -  Descent  (See  Equation  3). 
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TABLE  II.  TIME  RATIOS  FOR  PARAMETRIC  DISTRIBUTION 


Time  Ratio 
Symbol 


Mission  Segment  (From  TR  70-' 


Ascent 

Descent 

Steady 

.  1766 

.001*4 

.0127 

.0030 

.1880 

.0135 

.0682 

.0836 

.3749 

.5125 

.6343 

.6428 

.0799 

.0979 

.0972 

.1*076 

.2678 

.2601 

.0097 

.0115 

.0070 

.1021* 

.1267 

.0475 

.781*1* 

.7491 

.6090 

.1036 

.1127 

.3365 

.0873 

.0855 

.0097 

.21*37 

.1478 

.0454 

.  1*667 

.3491 

.  3469 

.3705 

.3065 

.4524 

.0318 

.1112 

.1456 

Maneuver 


0 

0 

.001*6 

1.000 

0 

0 

0 

0 

.6361* 

.3636 

0 

0 

.1031* 

.6988 

.1979 
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For  example,  the  total  ascent  time  (T  )  for  39,000  (W_)  and  2,000  feet 
(H^)  was 

=  100  j(RA  x  W3  x  H3)  for  ascent 

+  (R  x  W  x  H  )  for  descent 

A  i  * 

+  (R^  x  W3  x  H3)}  for  steady  state  Equation  (2) 

(R  ,  W  ,  and  H  are  defined  in  Figure  k  and  Table  II.) 

A  _5  j 

The  total  descent  time  (T^)  for  33,000  (W^)  and  5,000  feet  (H^)  was 
Tp  =  100  {(Rp  x  W2  x  H^)  for  ascent 

+  (Rp  x  W2  x  H^)  for  descent 

+  (Rp  x  W2  x  ) }  for  steady  state  Equation  (3) 

(R  ,  W  and  are  defined  in  Figure  5  and  Table  II.) 

COMPARISON  OF  CRANE  MISSION  PROFILES 

Samples  1  and  2  of  TR  70-73,  the  CH-5^A  design  mission  profile,  and  the 
CH  (Crane)  mission  profile  of  AR-56  (Reference  2)  were  tabulated  for 
comparative  analysis  (see  Table  I).  Sample  1  correlated  well  with 
sample  2.  There  were  significant  discrepancies  between  several  regimes 
of  samples  1  and  2  and  the  CH-5^A  design  mission  profile  and  similarly 
between  samples  1  and  2  and  the  CH  (Crane)  mission  profile  of  AR-56. 

The  CH  (Crane)  mission  profile  of  AR-56  correlated  well  with  the  CH-5^A 
design  mission  profile.  The  Crane  profile  is  believed  to  be  derived  from 
the  CH-5^A  design  mission  profile. 

Ground  Time 

The  ground  time  derived  from  TR  70-73  for  the  operational  mission  profiles 
(samples  1  and  2)  was  small  compared  with  the  CH-5^A  design  spectrum  and  the 
CH  (Crane)  mission  profile  or  AR-56.  This  time  constituted  0.295$  and 
0.186$,  respectively,  of  the  total  data  sample  times  compared  with  2.11$ 
for  the  CH-5**A  design  spectrum  and  1.0$  for  the  AR-56  spectrum.  TR  70-73 
indicated  that  the  pilots  used  a  switch  in  the  cockpit  to  start  the 
recording  system  that  recorded  in-flight  data.  The  apparent  ground  time 
was  probably  recorded  just  prior  to  takeoff,  whereas  the  design  spectrum 
accounted  for  full  warm-up. 

Hover 

Time  in  hover  experienced  under  combat  conditions  in  Southeast  Asia  differed 
significantly  from  CH-5^A  design  hover  time.  These  results  are  understand¬ 
able.  Under  combat  conditions,  extended  hovering  is  avoided  to  reduce  vul¬ 
nerability  to  enemy  fire.  The  design  spectrum,  on  the  other  hand,  accounted 
for  tasks  involving  extended  periods  of  hover,  including  pilot  training. 
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Ascent  and  Descent 


r 


Comparatively  high  ascent  and  descent  times  for  the  operational  mission 
profile  were  influenced  by  the  requirements  of  the  combat  environment . 
Field  reports  indicated  that  a  typical  ascent  or  descent  maneuver  was 
executed  in  a  spiral  fashion.  Apparently,  the  pilot  could  make  his 
approach  to  a  drop  zone  at  cruise  altitude,  staying  out  of  rifle  range 
as  long  as  possible.  He  could  then  slowly  make  his  descent  while  in 
relative  safety  from  small-arms  fire  throughout  his  approach,  since  he 
would  be  close  to  an  assumed  friendly  position.  The  same  pattern  would 
be  used  for  ascent.  Sikorsky  field  reports  from  Southeast  Asia  also 
indicated  that  most  missions  involved  legs  of  30  nautical  miles  or  less. 
This  would  also  tend  to  increase  ascent  and  descent  time. 

Maneuvers 


The  low  frequency  of  maneuvers  during  operation  compared  to  design  raised 
the  question  of  whether  raw  data  editing  had  eliminated  large-radius , 
low-load- factor  turns  as  maneuvers  and,  instead,  categorized  these  turns  as 
other  mission  segments,  such  as  ascent  and  descent.  As  indicated  in  TR 
70-73,  only  those  load  factors  -  -80g  and  -  1.20g  were  classified  as  Nz 
occurrences.  This  implied  that  turns  at  bank  angles  up  to  33.5°  were  not 
included  as  maneuvers,  since  bank  angle  is  a  function  of  load  factor. 

That  is, 

♦  =  “S'1  r~ 

Z 

♦  -cos'1rj 

♦  =  33.5° 

where  <J>  is  aircraft  bank  angle. 

Addition  of  these  turns  to  the  maneuver  regime  derived  from  operational 
data  would  produce  a  significant  increase  in  maneuver  time  and  bring  it 
more  in  line  with  the  CH-5bA  design  mission  profile. 
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EFFECTS  OF  ALTITUDE  AND  GROSS  WEIGHT  ON  AIRSPEED 


Gross  weight,  density  altitude,  and  airspeed  are  important  considerations 
in  the  fatigue  design  of  helicopter  dynamic  components.  These  parameters 
have  a  direct  influence  on  the  magnitude  of  control  loads  and  flapping 
and  power  requirements  which,  in  turn,  affect  dynamic  component  replace¬ 
ment  times.  With  this  in  mind,  it  becomes  apparent  that  accurate  knowl¬ 
edge  of  gross  weight,  altitude,  and  airspeed  combinations  would  improve 
design  mission  profile  development. 

Data  from  TR  70-73  were  compiled  for  sample  1,  relating  gross  weight  and 
density  altitude  to  airspeed.  Time  was  tabulated  for  airspeeds  greater 
than  or  equal  to  40  knots  (IAS),  neglecting  any  lesser  speeds.  This 
accounted  for  87. 2%.  For  this  particular  study,  only  1000-foot,  2000- 
foot,  and  5000-foot  density  altitudes  were  considered,  accounting  for 
98.8#  of  the  time  at  airspeeds  greater  than  or  equal  to  40  knots.  Gross 
weight  groupings  described  in  Figure  2  were  also  applicable  to  this  study. 

As  a  procedural  example,  the  time  for  the  1000-foot  density  altitude  was 
compiled  for  all  gross  weights  less  than  29,000  pounds  and  for  the  entire 
speed  range  -  40  knots.  The  percentage  of  time  for  a  particular  speed 
within  the  overall  speed  range  was  then  calculated.  These  individual  per¬ 
centages,  totaling  100#  of  the  time  at  airspeeds  -  4o  knots,  were  accumu¬ 
lated  beginning  with  the  highest  speed.  The  results  were  then  plotted 
against  true  airspeed  (Figures  6,  7,  and  8),  indicating  the  percentage  of 
time  that  any  given  speed  was  equaled  or  exceeded  for  a  particular  density 
altitude  and  weight  range.  In  this  way,  typical  operating  procedures 
could  be  shown  graphically.  In  a  similar  manner,  Figure  9  was  developed 
to  illustrate  the  percentage  of  time  that  any  airspeed  was  equaled  or 
exceeded  for  a  particular  weight  range. 

As  noted  in  Figures  6,  7,  8,  and.  9,  the  indicated  airspeeds  of  TR  70-73 
were  corrected  to  true  airspeed,  accounting  for  instrument  error  and  den¬ 
sity  altitude  (Table  III).  The  results  appearing  in  Figure  9  were  further 
adjusted,  using  a  weighted  average,  to  combine  the  data  for  all  altitudes 
into  one  mean  altitude  (2500  ft).  This  approach  lent  itself  to  c  more 
meaningful  comparison  of  gross  weight  versus  airspeed. 

Reduction  of  Southeast  Asia  flight  loads  data  indicated  that  certain  oper¬ 
ating  procedures  were  consistently  practiced  by  U.S.  Army  pilots.  One  of 
the  more  predominant  characteristics  of  crane  helicopter  operation  was  the 
airspeed-gross  weight  relationship.  At  aircraft  gross  weights  greater 
than  or  equal  to  37,000  pounds,  the  aircraft  were  flown  very  conservative¬ 
ly.  High-gross -weight  missions  generally  involved  transport  of  bulky 
items  by  the  single-point  hoist  system,  making  low-speed  flying  essential 
for  maintaining  safe  control  of  the  slung  load. 

Figure  9  confirms  that  heavy  loads  were  flown  at  relatively  low  speeds, 
especially  compared  with  gross  weights  below  29,000  pounds.  For  this 
weight  range,  the  aircraft  would  not  have  been  carrying  any  external  cargo, 
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»»  PERCENTAGE  OF  TIME  AT  DENSITY  ALTITUDE  FOR  GROSS  WEIGHTS  <  29000 
AND  SPEEDS  >  40  KNOTS 
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Figure  6.  True  Airspeed  Vs.  Cumulative  Percentage  of  Time  for 
Gross  Weights  Less  Than  29*000  Pounds. 


Figure  7*  True  Airspeed  Vs.  Cumulative  Percentage  of  Time  for 
Gross  Weights  Greater  Than  or  Equal  to  29,000 
Pounds  but  Less  Than  37,000  Pounds. 
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*  TAS  -  TRUE  AIRSPEED  (SEE  TABLE  ffl  ) 

*«  PERCENTAGE  OF  TIME  AT  DENSITY  ALTITUDE  FOR  GROSS  WEIGHTS  >  37000 
AND  SPEEDS  >  40  KNOTS 
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Figure  8.  True  Airspeed  Vs.  Cumulative  Percentage  of  Time  for 
Gross  Weights  Greater  Than  or  Equal  to  37,000 
Pounds . 


Figure  9.  True  Airspeed  Vs.  Cumulative  Percentage  of  Time  for 
Gross  Weight  Ranges  and  a  Mean  Density  Altitude 
of  2,500  Feet. 
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TABLE  III.  INDICATED  AIRSPEED  CORRECTED  TO  TRUE  AIRSPEED 


Indicated 

Airspeed 

(kn) 

Calibrated  * 
Airspeed 
(kn) 

True  Airspeed 

(kn)  ** 

1000  Ft 

2000  Ft 

5000  Ft 

40 

45 

46 

46 

48 

6o 

62.5 

63.5 

64 

67 

65 

67 

69 

69 

72 

70 

71 

72 

73 

76 

75 

75.5 

77 

78 

81 

80 

80 

81 

82 

86 

85 

8U  .5 

86 

87 

91 

90 

89 

90 

92 

97 

95 

94 

95.5 

97 

101 

100 

99.5 

101 

103 

108 

105 

104.5 

106 

108 

113 

110 

110 

112 

113 

118 

115 

115 

117 

118 

124 

120 

123 

125 

127 

132 

^Reference  3 

Calibrated  Airspeed 

**True  Airspeed  = 

Where  =  .985  9  1000  Ft,  .971  S  2000  Ft  and 

r°  .928  @  5000  Ft 
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but  would  have  been  loaded  to  maximum  fuel  capacity  or  less.  Adjusted  for 
true  airspeed  corrections  at  a  mean  altitude  of  2,500  feet,  the  curves 
indicate  that,  for  a  given  speed,  considerably  more  time  was  spent  at 
gross  w  ights  less  than  29,000  pounds  than  at  weights  involving  a  payload. 

As  an  example,  for  true  airspeeds  of  80  knots,  80%  of  the  time  spent  below 
29,000  pounds  was  flown  at  or  above  this  speed  compared  to  only  15%  for 
weights  at  or  above  37,000  pounds.  Examining  the  curves  from  another 
viewpoint,  50%  of  the  time  at  gross  weights  less  than  29,000  pounds  was 
spent  at  or  above  airspeeds  of  91  knots  (TAS),  while  the  equivalent  time 
at  gross  weights  greater  than  or  equal  to  37,000  pounds  equaled  or  exceeded 
only  69  knots  (TAS). 

These  facts  are  important  considerations  in  the  development  of  a  speed 
spectrum  for  cruise  and  maneuvers  .  There  is  a  tendency  to  be  overly  con¬ 
servative  in  establishing  an  airspeed  vs.  gross  weight  distribution; 
however,  the  data  compiled  for  this  report  may  help  promote  a  more 
accurate  approach  to  this  problem. 

Another  important  aspect  of  mission  profile  development  is  the  relation¬ 
ship  of  density  altitude  to  aircraft  sp^ed.  It  is  common  design  practice 
to  develop  fatigue  load  spectra  at  various  density  altitudes  above  sea 
level  standard  for  speeds  up  to  the  limit  d've  speed  at  the  design  gross 
weight.  From  the  standpoint  of  control  loads,  this  approach  could  be 
excessively  conservative  for  crane  helicopter  design.  Analyzing  control 
loads  for  high-speed  flight  at  high  density  altitudes  creates  high  loading 
conditions.  If  a  more  rational  approach  could  be  formulated  for  deter¬ 
mining  practical  density  altitude,  gross  weight,  and  airspeed  combinations, 
component  design  improvements  could  be  realized. 

Figures  6,  7,  and  8  help  to  illustrate  the  relationships  among  altitude, 
gross  weight,  and  airspeed.  True  airspeed  vs.  cumulative  percentage  of 
time  for  each  altitude  as  a  function  of  the  entire  forward  speed  range  has 
also  been  provided  in  each  figure.  With  this  information,  the  percentage 
of  time  that  an  airspeed  was  equaled  or  exceeded  can  be  calculated  for  any 
combination  of  altitude  and  gross  weight. 

For  example,  to  determine  the  percentage  of  time  spent  at  or  above  80  knots 
for  gross  weights  greater  than  37,000  pounds  and  a  density  altitude  of  5,000 
feet  or  more.  Figure  8  would  be  used.  From  the  figure,  32%  of  the  time  for 
5,000  feet  and  37,000  pounds  was  spent  at  or  above  80  knots.  Relating  this 
percentage  to  the  total  aircraf  life  spent  in  forward  flight,  the  result 
is  .32  x  h.7%  =  1.5%.  This  approach  provides  a  useful  tool  for  future 
mission  profile  development. 
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FATIGUE  ANALYSIS 


SELECTION  OF  COMPONENTS 


Initially,  the  main  rotor  pitch  control  horn,  main  rotor  shaft,  and  tail 
rotor  spindle  were  selected  for  fatigue  analysis.  The  intention  was  to 
compare  replacement  times  based  on  the  operational  mission  profile  with 
those  established  during  design.  However,  the  analysis  showed  that  the 
replacement  time  based  on  the  operational  mission  profile  for  both  the 
main  rotor  pitch  control  horn  and  tail  rotor  spindle  was  "unlimited,"  as 
was  the  case  under  the  existing  Army  replacement  time  schedule.  Subse¬ 
quently,  three  additional  components  were  evaluated,  using  the  operational 
fatigue  spectrum:  the  main  rotor  hub,  magnesium  main  rotor  head  spacer 
(currently  being  phased  out  for  reasons  explained  later  in  the  text),  and 
the  newly  incorporated  aluminum  main  rotor  head  spacer. 

SELECTION  OF  FLIGHT  LOADS 


Flight  test  results  on  the  CH-5^+A  were  available  from  four  Sikorsky  engi¬ 
neering  reports  (References  3,  5>  and  6).  Flight  loads  were  selected 

by  matching  specific  flight  regimes  of  the  operational  mission  profile  with 
actual  flight  demonstrated  maneuvers.  When  operational  flight  regimes 
could  not  be  matched  exactly  by  flight  test  conditions ,  conservative  alter¬ 
native  conditions  were  used.  When  two  or  more  loads  were  available  from 
flight  test  data  for  a  particular  regime,  the  highest  load  was  used.  When 
a  peak  load  appeared  in  the  flight  test  records  for  conditions  of  low 
intensity  (low  airspeed,  altitude,  or  gross  weight  conditions),  this  same 
load  was  used  for  similar  conditions  of  high  intensity  (high  airspeed, 
altitude,  or  gross  weight  conditions).  In  other  words,  for  reasons  such 
as  gust  response  or  high  transient  pilot  inputs,  there  were  cases  when 
peak  loads  for  low-intensity  conditions  exceeded  the  highest  recorded  loads 
for  high-intensity  conditions.  Table  IV  summarized  the  detailed  usage 
spectra  and  corresponding  critical  flight  loads  that  were  used  for  com¬ 
ponent  evaluation.  Mean  and  working  S/N  curves  for  each  component  were 
used  to  determine  damaging  flight  load  levels.  Gross  weight,  center  of 
gravity,  altitude,  and  airspeed  were  considered  in  compiling  conditions 
for  each  component.  Only  those  conditions  with  corresponding  flight  test 
loads  exceeding  the  working  strength  of  the  component  at  10^  cycles  were 
considered  for  the  operational  fatigue  analysis. 

No  hoist  conditions  were  simulated  during  the  CH-5^*A  flight  test  program 
to  determine  rotor  loads.  Therefore,  damaging  loads  experienced  during 
hover  regimes  were  applied  to  hoist  maneuvers. 
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TABLE  IV.  OPERATIONAL  FATIGUE  SPECTRA 
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TABLE  IV  -  Continued 
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TABLE  IV  -  Continued 
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TABLE  IV  -  Continued 
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TABLE  IV  -  Concluded 
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REPLACEMENT  TIME  CALCULATIONS 


Appropriate  fatigue  design  load  parameters  were  selected  from  CH-5^A 
flight  test  results  and  paired  with  corresponding  flight  conditions  of 
the  operational  mission  profile.  The  related  percentages  of  time,  which 
were  derived  from  Southeast  Asia  field  data,  were  used  together  with  these 
parameters  to  calculate  replacement  times. 


Replacement  Time  = 


where 

i=n 

D  =  Ed. 
i=l  1 

and 

%  Time 

Ci .  — 
1 

Allowable  Cycles 

Cycles/Hour 

The  allowable  cycles  at  each  load  level  were  obtained  from  appropriate 
working  S/N  curves.  Cycles  per  hour  were  calculated,  assuming  a  constant 
rotor  speed  of  185  rpm  and  one  load  cycle  per  rotor  revolution. 

COMPONENT  EVALUATION 

(a)  Main  Rotor  Pitch  Control  Horn 

The  mean  and  working  S/N  curves  for  the  main  rotor  pitch  control 
horn  (Figure  10 )  were  obtained  from  Reference  7. 

As  indicated,  the  maximum  vibratory  pushrod  load  encountered  during 
any  flight  regime  of  the  operational  mission  profile  does  not  inter¬ 
sect  the  working  S/N  curve.  Therefore,  no  fatigue  damage  is  incurred 
resulting  in  an  "unlimited"  replacement  time  for  the  control  horn. 

Because  this  does  not  represent  any  change  from  the  existing  Army 
replacement  time,  it  was  decided  to  evaluate  an  alternative  component 
The  main  rotor  hub  was  chosen,  since  it  has  a  relatively  low  replace¬ 
ment  time  of  750  hours.  This  evaluation  is  made  in  section  (d)  below 

(b)  Main  Rotor  Shaft 

The  mean  and  working  S/N  curves  for  the  main  rotor  shaft  (Figure  11 ) 
were  obtained  from  Reference  8.  Table  V  presents  the  replacement 
time  calculations. 

Head  moments  in  Table  IV  were  calculated  as  shown  on  page  33,  using 
the  upper  shaft  bending  stresses  and  the  blade  flapping  angles  re¬ 
corded  in  the  flight  test  reports . 
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FATIGUE  TEST  DATA  FROM  REF  7 


Figure  10.  Main  Rotor  Pitch  Control  Horn  Fatigue 
Substantiation  Data. 
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I —  6.810— ^ 
IN. 


Ifatigue  test  FAILURE  MODEl 


Failure  Mode  •  Cracking 
occurred  across  the  lower 
portion  of  the  upper  splines, 
extending  almost  completely 
around  the  circumference. 
Cracks  also  extended 
longitudinally.  Fretting 
and  galling  of  the  upper 
splines  were  also  evident, 
concentrated  mainly  at  the 
ends. 


Upper 

Splinrs 


Figure  11.  Main  Rotor  Shaft  Fatigue  Substantiation  Data. 
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TABLE  V.  MAIN  ROTOR  SHAFT  REPLACEMENT  TIME  CALCULATION 


H  Allowable  ^ 

(in.  -lb  x  10  )  5;  %  Time  Cycles  x  10 

Ref.  Table  IV  Ref/  Table  IV  Ref.  Fig.  11 


Allowable  Damage  per 
Hours  *  100  Hours 


1.7808 


5.508 

.0205 

.00082 


.00*412 


.00057 

.00*437 


.00053 


Total  Damage/100  Hours 


.00959 


Replacement  Time  = 


liO 

. 00959 


10,  *400  Hours 


Assumes  a  main  rotor  speed  of  185  rpm  and  one  cycle  per 


revolution. 
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and 


F 


G 


Z 


M  =  M  +  M 
G  H  B 


+  T, 


MR 


x  L  x 


e 

57.3 


where 


G 

Z 


B 

r 

MR 

L 


e 


Bending  stress  on  main  rotor  shaft  at  strain 
gage  location,  psi 

Net  bending  moment  on  main  rotor  shaft  at 
strain  gage  location,  in. -lb 
Main  rotor  shaft  section  modulus  at  strain 
gage  location,  in. 3 

Bending  moment  at  centerline  of  main  rotor 
hub,  in. -lb 

Bending  moment  on  main  rotor  shaft  at  strain 
gage  location  due  to  blade  flapping,  in. -lb 
Main  rotor  axial  thrust,  lb 

Distance  from  centerline  of  hub  to  strain  gage 
location  on  main  rotor  shaft,  in. 

Main  rotor  flapping  angle,  deg 


The  calculated  replacement  time  of  10,^00  hours  is  compared  with 
existing  replacement  times  in  Table  IX. 


(c)  Tail  Rotor  Spindle 


The  working  S/N  curves  for  the  four  designs  of  the  tail  rotor  spindle 
used  at  one  time  or  another  on  the  CH-5^A  aircraft  were  obtained  from 
References  9  and  10  and  are  presented  in  Figure  12.  It  should  be 
noted  that  neither  the  -04l  nor  the  -O^U  spindle  is  in  service  at  the 
present  time. 


As  shown  in  Figure  12,  the  maximum  vibratory  spindle  moment  encoun¬ 
tered  during  the  operational  mission  profile  does  not  intersect  the 
working  S/N  curve  for  either  the  -0^6  or  -0^7  tail  rotor  spindle 
(see  Table  X  for  part  descriptions).  As  a  result,  no  fatigue  damage 
occurs,  and  an  "unlimited"  replacement  time  is  obtained.  Since  this 
does  not  represent  any  change  from  the  design  replacement  time  shown 
in  Table  IX,  it  was  decided  to  evaluate  the  fatigue  life  of  the  main 
rotor  spacers . 

(d)  Main  Rotor  Hub 


The  mean  and  working  S/N  curves  for  the  main  rotor  hub,  shown  in 
Figure  13,  were  taken  from  Reference  8.  The  replacement  time  cal¬ 
culation,  based  upon  the  operational  mission  profile,  is  shown  in 
Table  VI.  As  can  be  seen  from  Table  IX,  the  calculated  replacement 
time  of  7,700  hours  is  more  than  10  times  the  FAA-approved  replace¬ 
ment  time. 


LABORATORY  TEST  FAILURE  MODES 


FAILURE  MODE: 

(1)  Shank  origin  (O.D.)  - 
Fatigue  cracks  originated 
at  the  inboard  end  of  shank. 


(2)  Thread  root  origin  - 
Fatigue  cracks  originated 
in  the  root  of  the  threads 
at  the  outboard  end  of  the 
shank. 


t  A 


(2) 


CYCLES  TO  CRACK  DETECTION 


Figure  12.  Tail  Rotor  Spindle  Fatigue  Substantiation  Data. 
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LABORATORY  TEST  FAILURE  MODES 


FAILURE  MODE: 

(1)  Hole  origin  - 
cracks  originated 
around  bolt  holes 
damaged  by  heavy 
fretting. 


(2)  Cone  origin  - 
heavy  fretting  and 
galling  occurred  on 
cone  and  flange. 

(3)  Flange-to-wall 
radius  origin  - 
cracks  originated 
at  flange  radii 
extending  through 
the  hub  wall. 


CYCLES  TO  CRACK  DETECTION 


Figure  13.  Main  Rotor  Hub  Fatigue  Substantiation  Data. 
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TABLE  VI.  MAIN  ROTOR  HUB  REPLACEMENT  TIME  CALCULATION 


(in. -lb  x  10  b) 
Ref.  Table  IV 

E  %  Time 
Ref.  Table  IV 

Allowable  g 
Cycles  x  10 

Ref.  Fig.  13 

Allowable 
Hours  # 

Damage  per 

100  Hours 

.h23 

1.781 

3.8 

3k2 

.00520 

.1(38 

.1958 

3.0 

270 

.00073 

.391 

5.508 

9.1» 

8I46 

.00651 

.698 

.0205 

.39 

35 

.00058 

.357 

.0280 

100.0 

9000 

0 

.395 

.00082 

8.3 

7^8 

0 

Total  Damage/100  Hours 

.01302 

Replacement  Time  =  - -  -  -  — —  =  7700  Hours 


*  Assumes  a  main  rotor  speed  of  185  rPm  and  one  cycle  per 
revolution. 


(e)  Magnesium  Main  Rotor  Spacer 

The  original  main  rotor  spacer  was  made  of  magnesium  and  had  an 
Army  replacement  time  of  It, 175  hours.  Inspection  of  in-service 
parts  revealed  fatigue  cracks  initiating  at  corrosion  pits  in  the 
central  hole  of  the  spacer.  As  a  result,  the  material  for  the 
spacer  was  changed  to  aluminum.  The  two  parts  have  identical 
dimensions.  The  magnesium  configuration  is  currently  being  replaced 
at  overhaul.  Since  it  will  be  some  time  before  the  conversion  is 
completed,  an  evaluation  of  the  magnesium  design  was  made.  The 
aluminum  spacer  is  analyzed  in  (f)  below. 

Mean  and  working  S/N  curves  for  the  magnesium  main  rotor  spacer, 
shown  in  Figure  lit,  were  taken  from  Reference  8.  Table  VII  gives 
the  replacement  time  calculation  based  upon  sample  1  of  the  oper¬ 
ational  mission  profile. 

(f)  Aluminum  Main  Rotor  Spacer 

Mean  and  working  S/N  curves  for  the  aluminum  spacer,  sh^wn  i:. 

Figure  15,  were  taken  from  Reference  8.  Replacement  time  calcula¬ 
tions  using  the  operational  mission  profile  are  given  in  Table  VIII. 
As  summarized  in  Table  IX,  the  aluminum  spacer  has  a  replacement 
time  approximately  twice  that  of  the  magnesium  spacer. 
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LABORATORY  TEST  FAILURE  MODES] 


o 

o  o  o  o 

J  V  W  \ 

o 

\  X  f  \  , 

o 

O  v  O  O 

o 

>iT 


3.0  IN. 


Fatigue  cracks  generally 
occurred  on  a  45°  diagonal 
on  one  or  both  sides  of 
the  web  boss.  Crack 
initiation  was  associated 
with  corrosion  pitting 
around  the  hole. 


Figure  1^.  Magnesium  Main  Rotor  Spacer  Fatigue 
Substantiation  Data. 
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TABLE  VII.  MAGNESIUM  MAIN  ROTOR  SPACER  REPLACEMENT  TIME 
CALCULATION 


(in. -lb  x  10  )  1%  Time  I  Cycles  x  10 

Ref.  Table  IV  Ref.  Table  IV  Ref.  Fig.  1*4 


Allowable 


Allowable  Damage  per 
Hours  *  100  Hours 


1.781 

.1958 

5.508 


.0280 
. 00082 


.00599 

.0008L 

.00765 


.00111 


Total  Damage /100  Hours 


.01559 


Replacement  Time  =  — — - 

•  U-Opy 


61+20  Hours 


*  Assumes  a  main  rotor  speed  of  185  rpm  and  one  cycle  per 
revolution. 


1+0 


rotor  spacer  exhibited  no 
fatigue  failure. 


10  s  10*  10  7  10* 
CYCLES  TO  CRACK  DETECTION 


Figure  15.  Aluminum  Main  Rotor  Spacer  Fatigue 
Substantiation  Data. 
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TABLE  VIII.  ALUMINUM  MAIN  ROTOR  SPACER  REPLACEMENT  TIME 
CALCULATION 


M 

H 

(in. -lb  x  10“6) 
Ref.  Table  IV 

1%  Time 
Ref.  Table  IV 

- 1 

Allowable  ^ 
Cycles  x  10”° 
Ref.  Fig.  15 

Allowable 
Cycles  * 

Damage  per 

100  Hours 

.423 

1.781 

6.3 

568 

.00314 

.438 

.1958 

5.1 

459 

.00043 

.391 

5.508 

12.8 

1153 

.00478 

.698 

.0205 

.53 

48 

.00043 

.357 

.0280 

38.0 

3423 

.00001 

.395 

.00082 

11.8 

1063 

0 

Total  Damage/100  Hours 

.00879 

Replacement  Time  =  ^nAvo  =  11380  Hours 


*  Assumes  a  main  rotor  speed  of  185  rum  and  one  cycle  per 
revolution. 
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CH-3U  STRUCTURAL  COMPONENT  HISTORY 


INTRODUCTION 

Since  the  development  of  the  CH-5^A,  many  design  improvements  have  been 
incorporated  into  its  dynamic  component  systems.  In  selecting  components 
for  a  fatigue  study,  special  attention  was  given  to  the  main  rotor  head 
and  tail  rotor  head  assemblies.  Six  components  were  analyzed  to  determine 
replacement  times  based  on  the  operational  mission  profile.  Table  X  des¬ 
cribes  the  parts,  their  functions  in  the  system,  design  changes  during 
their  service  life,  and  corrective  measures  taken  to  prevent  problems. 
Other  information  includes  a  summary  of  part  numbers ,  dash  numbers ,  and 
aircraft  ef fectivities . 

MAIN  ROTOR  PITCH  CONTROL  HORN 

The  CH-5l*A  main  rotor  pitch  control  horn  (Figure  l6),  designed  and  used  on 
the  CH-37,  functioned  as  an  integral  part  of  the  main  rotor  servos,  swash- 
plates,  and  pushrods.  The  design  never  changed  during  the  U.S.  Army  pro¬ 
curement  program  except  for  elimination  of  blade  fold  capability.  This 
change  saved  weight  and  simplified  assembly  procedures. 


Figure  l6.  Main  Rotor  Pitch  Control  Horn  Assembly. 


MAIN  ROTOR  SHAFT 


The  CH-5^A  main  rotor  shaft  (Figure  IT)  was  designed  to  adapt  to  the  new 
CH-5l*A  main  rotor  gearbox  and  to  interface  with  the  existing  CH-37  main 
rotor  head.  The  upper  end  of  the  shaft  was  necked  down  to  fit  the  CH-37 
main  rotor  hub,  since  the  design  of  the  crane  helicopter  was  developed 
around  the  CH-37  main  rotor  system. 

Modif ications  were  made  in  the  upper  and  lower  bearing  seats  during  the 
development  stage  by  incorporating  liners  to  tighten  the  bearing  fit.  For 
the  production  aircraft,  however,  wall  thicknesses  in  the  bearing  seats 
were  increased  during  manufacturing,  thus  eliminating  the  need  for  the 
liners.  An  addit'onal  nonstructural  improvement  was  incorporated  into  the 
shaft  assembly  by  installing  a  pressed  cork  plug  in  the  previously  open 
upper  end  of  main  rotor  shaft.  The  plug  prevented  rain,  snow,  dirt,  and 
tools  from  contaminating  the  interior  of  the  shaft  and  main  gearbox  oil 
sump . 
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Figure  17.  Main  Rotor  Shaft  Assembly. 


TAIL  ROTOR  SPINDLE 


As  has  been  stated,  the  Sikorsky  crane  was  developed  with  a  CH-37  tail 
rotor  system.  The  first  three  aircraft  were  built  as  a  company-funded 
project,  using  off-the-shelf  tail  rotor  components,  despite  certain  per¬ 
formance  limitations.  When  the  U.S.  Army  indicated  an  interest  in  a  crane 
helicopter,  Sikorsky  took  advantage  of  the  CH-53A  program  and  incorporated 
its  new  tail  rotor  design  into  the  CH-5^A.  The  CH-53A  tail  rotor  provided 
excellent  performance  characteristics  and  appreciable  growth  potential. 
That  tail  rotor  was  used  for  the  duration  of  the  CH-5^A  program. 

Although  fatigue-related  structural  problems  on  the  tail  rotor  spindle 
(Figure  18)  were  never  experienced,  design  improvements  were  incorporated 
to  improve  fatigue  life  further  (Table  X) . 
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Figure  18.  Tail  Rotor  Spindle  Assembly. 
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MAIN  ROTOR  HUB 


The  CH-5^A  main  rotor  hub  (Figure  19)  was  designed  originally  for  the  CH-37 
and  later  adapted  for  the  crane  helicopter  as  part  of  the  off-the-shelf 
CH-5^A  main  rotor  system.  During  service  on  the  CH-37*  improvements  made 
in  the  hub  increased  corrosion  resistance  and  made  manufacturing  easier. 
Additional  bolt  holes  were  added  to  the  hub  flanges  during  the  CH-5^A 
design  program  to  provide  added  gross  weight  potential  (Table  X) .  No 
changes  in  the  hub  design  were  ever  required  to  eliminate  fatigue  damage 
problems . 

MAIN  ROTOR  HEAD  SPACER  ASSEMBLY 


The  main  rotor  head  spacer  assemblies  (Figure  19)  are  bolted  between  each 
pair  of  arms  of  the  CH-5^A  upper  and  lower  main  rotor  plates  .  The  com¬ 
bination  of  the  upper  and  lower  plates  with  the  six  spacers  forms  an  I-beam 
that  reacts  vertical  bending  moments  and  vertical  shear  resulting  from 
blade  loadings.  The  spacer  itself,  acting  as  a  web,  reacts  shear  forces. 

Such  an  assembly  was  incorporated  previously  on  the  five-bladed  CH-37. 

When  the  same  spacer  forging  was  later  considered  for  the  CH-5^A,  lag  damper 
clearance  considerations  required  that  a  hole  be  drilled  in  the  spacer  web. 
During  whirl  stand  fatigue  testing,  cracks  developed  at  the  hole,  and  the 
spacer  had  to  be  redesigned  with  a  boss  around  the  hole.  This  appeared 
to  solve  the  problem,  but  further  cracking  eventually  occurred. 

The  spacers  originally  had  been  machined  from  magnesium  castings .  Because 
magnesium  is  highly  corrosive,  the  spacers  were  pitting  in  normal  service 
environments.  High  stress  concentration  around  the  pit  holes  caused  the 
magnesium  spacers  to  crack  well  before  their  designed  replacement  time. 

To  solve  this  problem,  the  spacer  material  was  changed  to  aluminum,  pro¬ 
viding  fatigue  strength  and  corrosion  resistance  superior  to  those  of 
magnesium. 
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TABLE  X.  COMPONENT  HISTORIES 
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_ (-104  shaft) _ 

Same  as  -OlU  except  added  Prevented  foreign  matter  Incorporated 

-015  cork  seal  in  shaft  opening  from  contaminating  gear  on  future  spares 

at  upper  end  box  oil  sump 


Description 
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O.D.  of  spindle 
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COMPARISON  OF  OPERATIONAL  AND  DESIGN  LOADS 


INTRODUCTION 


TR  70-73  provided  a  means  for  comparing  peak  operational  flight  loads  with 
static  design  loads.  Except  for  a  few  specific  peak  loads,  only  approxi¬ 
mate  peak  values  could  be  derived.  TR  70-73  reported  that  most  of  the  re¬ 
corded  data  points  represented  ranges  of  loads,  making  it  impossible  to 
establish  the  exact  peak  value  within  the  range.  Table  XI  compares  gross 
weight,  airspeed,  main  rotor  speeds,  and  maneuver  and  gust  load  factors 
for  operational  and  design  conditions.  Additional  qualifying  parameters 
are  included  to  relate  the  data  effectively. 


TABLE  XI.  COMPARISON  OF  STATIC  DESIGN  LOADS 

WITH  OPERATIONAL  FLIGHT  LOADS 

Load 

Parameter 

Operational 

Flight  Loads  (Ref.  l) 

Static  Design 

Gross 

Weight 

(lb) 

1+1+009  a 

1+2000 

Airspeed 

(kn) 

120  ( KIAS  )  a 

132  (TAS) 

(G.W.=  27000  lb) 

VD  =  126.5  (TAS) 

(VH  =  110  (TAS)) 

Main  Rotor 
Speed  (rpm) 

198  §  60  (KIAS)  a 

203  (Hover)  b 

20l+  (Power  on) 

215  (Power  off) 

Load  Factor 
(Nz) 

1.88  (Hoist  S  1+0100  lb)  a 

1.5  (Maneuvers)  max.  a 

.5  (Maneuvers)  min.  a 

2.26  max. 

-0.5  min. 

Gust  Load 
Factor 

(ig 

(25000  lb 

1.3  max.  <100  (KIAS)  a 

1103  (TAS) 

(25000  lb 

0.6  min.  <100  (HAS)  * 

1103  (TAS) 

193 

(1+2000  lb  %  110  TAS) 

a  Sample  No.  1 

b  Sample  No.  2 
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GROSS  WEIGHT  AND  AIRSPEED  COMPARISONS 


The  CH-5I+A  was  designed  for  a  basic  gross  weight  of  1*2,000  pounds  combined 
with  a  load  factor  of  2.26g  and  a  limit  dive  speed  of  126.5  knots.  The 
basic  design  gross  weight  also  represented  the  maximum  operating  weight, 
since  there  were  no  alternate  design  gross  weight  provisions  for  the  CH-5l*A. 

TR  70-73  reported  that  a  peak  grot’s  weight  of  1*1*, 009  pounds  had  been  re¬ 
corded  at  a  speed  of  60  knots.  Field  studies  conducted  by  Sikorsky 
engineers  stationed  in  Southeast  Asia  in  1968  indicated  that  significant 
numbers  of  missions  were  being  flown  at  or  above  1*2,000  pounds.  This 
practice,  although  possible  on  the  basis  of  static  strength,  may  have  pro¬ 
duced  damaging  loads  on  fatigue-related  components.  Overload  gross  weights 
probably  were  flown  rarely  at  speeds  higher  than  60  to  70  knots  or  at  load 
factors  greater  than  1.0  ±0.2g.  But  even  in  these  low  speed  and  load  fac¬ 
tor  ranges,  flapping,  power,  or  control  requirements  could  have  approached 
damaging  levels  and  should  have  been  indicated  either  by  the  cruise  guide 
or  torque  meters .  Figure  20  compares  load  factor  vs  .  gross  weight  enve¬ 
lopes  for  design  and  operational  data. 


GROSS  WEIGHT,  LB  x  I0"3 


Figure  20.  Load  Factor  Vs.  Gross  Weight  Envelope. 

Since  more  than  30%  of  the  sorties  were  flown  at  gross  weights  in  excess  of 
1*2,000  pounds,  as  indicated  by  Sikorsky  field  studies,  considerations  of 
excessive  ride  discomfort  apparently  did  not  discourage  this  practice.  It 
is  possible  that  any  high  cockpit  vibration  experienced,  such  as  during 
transition  into  flare,  did  not  persist  long  enough  to  warrant  any  change 
in  flight  practices. 
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The  CH-51+A  was  designed  for  a  limit  dive  speed  (V^)  of  126.5  knots  at  the 
design  gross  weight  of  42,000  pounds.  The  maximum  indicated  airspeed  re¬ 
corded  in  TR  70-73  was  approximately  120  knots  for  gross  weights  of  25,000 
and  27,000  pounds.  For  a  density  altitude  of  5,000  feet,  at  which  this 
airspeed  appeared  to  be  measured,  the  equivalent  true  airspeed  would  be 
132  knots.  Again,  this  indicated  that  structural  design  limits  were  ex¬ 
ceeded  during  Southeast  Asia  operations.  In  addition  to  structural  limits, 
a  limit  operating  speed  (Vr)  of  110  knots  was  established,  because  severe 
nose-dcwn  attitudes  were  experienced  at  low  gross  weights  for  high  speeds. 
Apparently,  these  redlines  were  also  exceeded  (Figure  21). 


Figure  21.  Maneuver  V-N^  Diagram. 
ROTOR  SPEED  COMPARISONS 


The  CH-54A  was  designed  for  a  main  rotor  speed  of  204  rpm,  or  110$  Nr 
(power  on),  and  215  rpm,  or  116$  Nr  (power  off),  at  42,000  pounds.  The 
recommended  limit  operating  rotor  speed  is  194  rpm,  or  105$  Nr.  Accord¬ 
ing  to  Sikorsky  pilots,  operation  at  rotor  speeds  greater  than  105$ 
produces  distinct  tail  rotor  whining,  well  above  ordinary  noise  levels. 
Pilots  normally  accept  his  signal  as  a  warning  to  cut  back  rotor  rpm. 

In  Southeast  Asia,  flight  load  recorders  measured  peak  main  rotor  speeds 
of  198  rpm  and  203  rpm,  the  former  occurring  in  forward  flight  at  60  knots 
and  40,344  pounds,  and  the  latter  during  hover  at  25,009  pounds. 

These  results  raised  some  question.  In  autorotative  flare,  it  is  possible 
to  attain  a  rotor  speed  of  198  rpm,  but  a  hover  rotor  speed  of  203  rpm 
does  not  sound  feasible.  This  reading  indicates  either  a  data  recording 
error  or  the  possibility  of  poor  ground  maintenance  rigging  procedures 
between  the  pilot's  collective  controls  and  the  engines. 


MANEUVER  AND  GUST  LOAD  FACTOR  COMPARISONS 


As  mentioned  above  in  discussing  the  CH-5^A  design  gross  weight,  the 
design  limit  load  factor  (Nz)  is  2.26g.  The  minimum  design  load  factor  as 
specified  in  Reference  11  is  -0.5g.  During  the  data  recording  program  in 
Southeast  Asia,  the  cranes  operated  well  within  the  design  load  factor 
limits,  as  shown  in  the  V-Nz  diagram  (Figure  21).  Approximately  97$  of 
the  peak  load  factors  recorded  during  maneuvers  were  experienced  at  gross 
weights  at  or  below  29,000  pounds,  indicating  that  no  payload  was  being 
carried  at  the  time.  None  of  the  Nz  occurrences  recorded  at  gross  weights 
greater  than  or  equal  to  37,000  pounds  exceeded  1.2g  in  forward  flight. 

The  minimum  measured  load  factor  was  0.5g  in  forward  flight,  well  above 
the  design  minimum. 

Because  the  basic  use  of  the  crane  was  to  pick  up  and  release  heavy  loads 
with  the  single-point  winching  system,  load  factor  measurements  were  taken 
during  what  was  termed  the  "hoist"  mission  segment.  This  type  of  operation 
produced  a  peak  Nz  of  1.88g,  again  below  the  maximum  limit  load  factor. 


Figure  22.  Gust  V-N^  Diagram. 
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During  data  editing,  gust  load  factors  were  distinguished  from  maneuver 
and  hoist  load  factors.  As  indicated  by  the  gust  V-Nz  diagram  (Figure  22), 
maximum  gust  peaks  were  well  below  the  maximum  design  gust  load  factor  of 
1.93g.  In  addition,  the  1.93g  design  point  was  applied  at  a  1*2, 000-pound 
gross  weight  and  110  knots,  well  above  the  25,000-pound,  100-knot  condi¬ 
tion  for  which  a  peak  gust  of  1.3g  was  measured. 

PREDICTION  OF  LOAD  OCCURRENCE  FREQUENCY 

There  are  seven  helicopter  design  load  parameters  for  which  the  frequency 
of  occurrence  of  peak  values  must  be  predicted:  maneuver  load  factor,  gust 
load  factor,  airspeed,  gross  weight,  rotor  speed,  horsepower,  and  main 
rotor  blade  flapping.  Each  parameter  is  affected  by  aircraft  configuration 
(weight,  drag  characteristics,  center  of  gravity,  and  installed  power), 
payload  configuration  (drag  characteristics,  size,  single-cable  slung  loads, 
or  four-point  payloads),  and  aircraft  flight  profile.  These  effects  govern 
the  magnitude  and  frequency  of  occurrence  of  peak  values.  Data  from 
TR  70-73  have  been  employed  to  establish  typical  operating  limits. 

Maneuver  Load  Factor 


Extrapolation  of  load  factor  exceedance  curves  presented  in  TR  70-73  pro¬ 
vides  a  practical  approach  for  extending  the  load  factor  data  beyond  200 
hours.  As  a  valid  sample  extrapolation,  5000  hours  is  selected,  in  line 
with  5000-hour  replacement  times  for  major  dynamic  components.  Figure  23 
indicates  that,  for  a  composite  load  factor  spectrum,  a  peak  load  factor 
increment  of  l.lg,  or  a  total  load  factor  of  2.1g,  would  be  experienced 
within  5000  hours. 

A  similar  composite  load  factor  exceedance  curve,  presented  in  TR  66-58 
(Reference  12),  provides  similar  data.  In  that  study,  data  were  collected 
during  110.38  hours  of  military  operations  in  the  Fort  Benning,  Georgia, 
area.  Extrapolation  of  these  data  to  5000  hours  results  in  a  peak  load 
factor  of  1.97- 

These  two  extrapolations  of  technical  report  sample  data  support  the  assump¬ 
tion  that  a  peak  load  factor  of  2.0g,  in  combination  with  the  design  gross 
weight  configuration,  would  provide  a  conservative  approach  to  fatigue 
design.  In  addition  to  extrapolating  to  5000  hours,  the  use  of  a  composite 
spectrum,  which  includes  all  gross  weights  and  the  hoist  regime  load  factor 
occurrences,  provides  additional  conservatism.  For  airspeeds  above  ^0  knots 
(IAS),  load  factor  recordings  for  payload  configurations  did  not  exceed 
l.l*g  to  1.5g.  The  highest  load  factor  recorded  was  1.88g,  during  the  hoist 
regime.  However,  these  hoist  load  factor  pulses  are  normally  of  short 
duration. 

A  realistic  approach  to  establishing  maneuver  load  factors  for  fatigue 
should  depend  largely  on  the  type  of  payload.  A  moderate  peak  load  factor 
of  1.8g  would  be  employed  for  configurations  involving  single-point  slung 
loads.  A  peak  load  factor  of  2.0g  would  be  applicable  to  four-point, 
rigidly  attached  payloads,  such  as  a  pod.  When  no  payload  is  carried,  a 
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Figure  23-  Prediction  of  Maneuver  Load  Factors  Above  200  Hours. 


peak  load  factor  of  2.2g  would  be  applicable.  A  peak  load  factor  of  2.0g 
would  be  employed  during  pickup  and  release  of  payloads. 

Gust  Load  Factor 


Gust  load  factor  data  from  the  200-hour  samples  of  TR  70-73  can  be  extrap¬ 
olated  validly  to  5000  hours.  Weather  phenomena  are  assumed  to  follow  a 
straight-line  log-normal  distribution.  Figure  2U  indicates  that,  for  a 
composite  load  factor  spectrum,  a  peak  gust  load  factor  increment  of  .1+1+g, 
or  a  total  load  factor  of  l.l*l*g,  would  be  experienced  within  5000  hours. 

A  similar  composite  exceedance  curve,  presented  in  TR  66-58,  provides 
similar  results  when  extrapolated  to  5000  hours.  A  peak  gust  load  factor 
of  1.1* 5g  is  derived  from  these  data.  These  results  suggest  that  the  prob¬ 
ability  is  extremely  remote  that  applied  loads  from  gust  response  would 
ever  exceed  maneuver  loa  - . 
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Figure  2h.  Prediction  of  Gust  Load  Factors 
Above  200  Hours. 


Airspeed 

Data  from  TR  70-73  support  a  realistic  airspeed  of  100  knots  for  aircraft 
configurations  involving  single-point  slung  loads.  Figures  8  and  9 
indicate  that  99$  of  the  time  in  which  aircraft  gross  weights  were  greater 
than  or  equal  to  37,000  pounds,  airspeeds  were  90  knots  (TAS)  or  less. 
Future  crane  helicopter  fatigue  designs  should  incorporate  these  facts. 

Peak  airspeeds  for  future  fatigue  designs  should  realistically  depend  on 
the  handling  quality  characteristics  of  specific  externally  carried  pay- 
loads.  Payload  classes  should  include  a  single-point  or  multipoint  carried 
vehicle,  artillery  piece,  container,  or  netted  cargo,  a  rigidly  attached 
container  or  medical  pod,  and  no  payload  at  all. 


58 


For  example,  an  approach  to  development  of  a  speed  spectrum  for  single¬ 
point  slung  loads  would  be  as  follows: 

a)  99%  of  the  time  for  slung  load  configurations  is  distributed  at 
or  below  100  knots.  (Figure  9  presents  a  typical  distribution.) 

b)  The  remaining  1%  is  distributed  75$-25$  between  110  knots  and 
120  knots,  respectively. 

In  considering  four-point,  rigidly  attached  loads,  handling  quality 
characteristics  of  the  particular  payload  would  be  combined  with  drag  and 
pow_>r  characteristics  to  establish  a  peak  airspeed  for  fatigue  analysis. 
Configurations  without  payload  would  be  restricted  to  the  limit  dive  speed 
established  by  static  design. 

Gross  Weight 

For  a  fatigue  design  effort,  a  three-segment  breakdown  is  sufficient  for 
gross  weight  distribution.  Using  the  gross  weight  categories  established 
in  the  "Operational  Mission  Profiles"  section  of  this  report,  the  following 
time  distribution  was  derived  from  TR  70-73: 


$  Time 

Gross  Weight 

Sample 

1  Sample  2 

<  29000  lb 

60.8 

60.1+ 

^  29000  lb  but  <  37000 

9.3 

10.3 

g  37000  lb 

29.9 

29.3 

These  results  provide  reasonable  support  for  a  60 %  -  10$  -  30$  distribution 
of  time  for  aircraft  weights  of  70$,  85$*  and  100$  of  the  design  gross 
weight,  respectively. 

Main  Rotor  Speed 

Since  normal  variations  of  main  rotor  speed  are  well  within  the  endurance 
limit  of  rotor  speed  related  components,  100$  rotor  speed  for  100$  of  the 
time  is  reasonable  for  development  of  fatigue  spectra.  For  such  components 
as  main  rotor  and  main  gearbox  bearings,  however,  for  which  designs  are 
affected  by  a  rotor  speed  spectrum,  the  following  distribution  is  offered, 
based  on  data  from  TR  70-73: 

$  Rotor  Speed  $  Time 


98-102$ 

103-106$ 

106-110$ 
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85$ 

1  b.9t 
0.1$ 


Horsepower 


There  are  three  essentials  for  the  development  of  horsepower  spectra: 
mission  requirements,  engine  capability,  and  rotor  performance.  Also, 
rotor  performance  is  dependent  on  main  rotor  blade  characteristics  and 
aircraft  flat  plate  drag.  The  variability  of  these  parameters  from  one 
aircraft  design  to  another  makes  prediction  of  frequency  of  occurrence 
inapplicable  for  horsepower.  However,  fatigue  design  capabilities  of 
power-related  components  often  can  be  assessed  quickly  by  visual  inspection 
of  the  mission  requirements.  The  extent  of  hover  time,  sideward  flight 
time,  and  high-speed  time,  coupled  with  preliminary  power  data,  can  aid  in 
establishing  peak  power  requirements  in  the  early  stages  of  fatigue  design. 

Main  Rotor  Blade  Flapping 

A  main  rotor  blade  flapping  spectrum  impacts  significantly  on  the  fatigue 
design  of  main  rotor  head  dynamic  components  and  main  rotor  shaft.  A  peak 
main  rotor  blade  flapping  angle(p)  is  established,  for  example,  by  control 
limits.  A  straight-line  log-normal  distribution  of  flapping  for  maneuvers 
between  the  peak  value  and  the  level  flight  value  is  validated  by  correla¬ 
tion  with  data  from  the  CH-53A  25-hour  flight  test  substantiation  program 
(Reference  13).  This  assumes  a  .0001$  probability  of  occurrence  of  the 
peak  flapping  angle.  Level-flight  blade  flapping  values  of  3°  to  I4  are 
established  by  Sikorsky  flight  test. 
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CONCLUSIONS 


1.  Hover  time  during  combat  operations  is  approximately  one-third  to 
one-half  the  time  currently  used  for  crane  helicopter  design 
spectrums . 

2.  Ascent  and  descent  times  during  combat  operations  are  approximately 
four  times  greater  than  used  for  current  crane  helicopter  design 
spectrums . 

3.  The  level  of  command  from  which  crane  helicopters  are  currently 
deployed  impacts  on  normal  crane  operating  gross  weight  categor¬ 
ies  .  Crane  helicopters  are  rarely  employed  for  missions  for  which 
lower  gross  weight  transport  helicopters  can  be  substituted. 

U.  Maximum  operating  gross  weight  limits  are  often  deliberately 
exceeded  when  it  is  necessary  to  transport  special  items  in  the 
Army  inventories;  for  example,  trucks,  armored  vehicles,  and 
artillery  pieces. 

5.  Airspeeds  above  90  knots  are  rarely  associated  with  an  external 
payload  configuration. 

6.  Most  aircraft  flight  time  occurs  in  a  density  altitude  range  of 
2000  to  5000  feet. 

7.  In  forward  flight,  load  factors  rarely  exceed  1.3g  for  external 
payload  configurations. 

8.  During  the  hoist  regime,  load  factor  peaks  are  of  significant 
magnitude  compared  with  typical  maneuver  load  factors . 

9.  Future  Army  helicopter  designs  will  benefit  from  improved  data 
collection  and  editing  techniques. 
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RECOMMENDATIONS 


INTRODUCTION 


Future  Army  helicopter  designs  will  benefit  from  improved  data  collection 
and  editing  techniques.  Better  definition  of  discrete  ground  and  flight 
regimes  is  required  to  develop  accurate  mission  profiles.  Consideration 
should  be  given  to  development  of  a  composite  operational  spectrum  based 
upon  a  combat  environment  and  on  peace-time  operation.  Knowledge  of  peak 
loads  and  specific  load  parameters,  such  as  main  rotor  head  moment  or  main 
and  tail  rotor  flapping  angles,  would  yield  more  accurate  fatigue  load 
prediction. 

DATA  COLLECTION 


Thorough  data  collection  is  required  to  establish  discrete  flight  condi¬ 
tions  from  the  recorded  data.  The  four-segment  breakdown  (ascent,  descent, 
steady  state,  maneuver)  should  be  replaced.  The  current  procedure  does 
not  provide  enough  information  to  derive  specific  conditions:  hover, 
hover  turns,  sideward  and  rearward  flight,  ascent,  descent,  etc. 

DATA  EDITING 


The  first  phase  of  data  editing  should  begin  in  the  field.  Review  of  raw 
data  after  each  flig.it,  accompanied  by  pilot  debriefing,  would  promote 
accurate  correlation  of  recorded  flight  loads  with  specific  flight  condi¬ 
tions.  An  effort  should  be  made  to  define  the  low-speed  range  of  condi¬ 
tions,  such  as  hover,  hover  turns,  sideward  flight,  and  transitions. 
Current  methods  combine  data  below  1*0  knots  into  one  category.  Assump¬ 
tions  must  then  be  formulated  to  reduce  the  data  to  the  desired  format. 

The  method  for  editing  maneuver  load  factors  should  be  revised  to  include 
time  during  banked  turns .  The  low  number  of  maneuver  occurrences  reported 
in  TR  70-73  indicates  the  absence  of  low-load-factor  turns  below  the  1.2g 
editing  limit. 

DATA  PRESENTATION 


Mission  profile  analysis  would  benefit  significantly  from  revised  proce¬ 
dures  for  the  grouping  and  presentation  of  operational  flight  loads  data. 
Meaningful  combinations  of  recorded  data  would  be  valuable  in  developing 
mission  profiles  and  related  fatigue  spectra. 

For  example,  one  specific  load  parameter,  such  as  rate  of  climb,  should  be 
cross-plotted  against  time  for  each  important  load  parameter: 

Load  Factor  (N  ) 

Airspeed 

Main  Rotor  Speed 
Gross  Weight 
Altitude 
Horsepower 
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A  distribution  of  each  of  these  parameters  could  be  developed  individually 
as  well  as  collectively,  since  each  would  have  a  common  reference.  The 
rate-of-climb  parameter  helps  to  establish  a  general  flight  regime:  ascent, 
descent,  or  steady  state.  A  detailed  cross-plot  with  airspeed  would 
establish  the  precise  flight  condition  within  these  three  flight  regimes. 
Besides  load  factor  exceedance  curves,  similar  plots  for  airspeed  and  main 
rotor  speed  would  be  helpful.  The  airspeed  plots  would  provide  a  general 
distribution  of  airspeeds  for  cruise  and  maneuvers,  and  the  rotor  speed 
plots  would  provide  valuable  information  for  rotor  and  gearbox  bearing 
design.  Information  on  load  attachment  methods  would  be  helpful,  whether 
single-cable  slung  loads,  hard-point  connections,  shade  roller  connections, 
or  no  payload. 

The  availability  of  specific  operational  hardware  load  parameters  would 
prove  beneficial  in  establishing  operational  trends .  Valuable  information 
would  be  gained  for  future  main  and  tail  rotor  fatigue  designs  if  data  were 
available  for  main  rotor  blade  flapping,  tail  rotor  flapping,  tail  rotor 
collective,  and  tail  rotor  thrust.  Ideally,  these  data  would  be  presented 
along  with  rate  of  climb  and  airspeed. 

FUTURE  STUDIES 


An  operational  mission  profile,  such  as  that  developed  from  TR  70-73,  does 
not  provide  an  absolute  design  tool.  Certain  limiting  conditions,  which 
were  prevalent  during  Southeast  Asia  operations,  affected  the  results.  For 
example,  hover  time  was  not  typical  for  universal  crane  operations.  The 
level  of  command  from  which  aircraft  were  deployed  restricted  gross  weight 
operating  ranges.  The  evasive  flight  tactics  adopted  for  combat  operation 
may  have  impacted  on  flight  procedures. 

Additional  analytical  studies  are  recommended  to  examine  the  need  for  a 
weighted  composite  design  spectrum  that  would  encompass  the  full  use  of  the 
CH-5^A  in  U.  S.  Army  military  opera  ions.  It  would  add  accuracy  and 
realism  to  future  crane  helicopter  designs. 
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